The discovery in 1959 of transferable antibiotic resistance among enteric bacteria (1, 17) resulted in an increased interest in the incidence of antibiotic resistance among these organisms and in speculation regarding the possibility of the rapid development of widespread antibiotic resistance among gram-negative bacilli. It is evident that there has been an increase in the resistance to antibiotics among certain groups of infective enteric bacteria in the past years, e.g., shigellae (6, 12, 17) and Salmonella typhimurium (2, 8) , and that many of these bacteria possess transferable resistance factors. On the other hand, the evidence regarding other Enterobacteriaceae is much less clear, and although it has been established that bacteria capable of transferring antibiotic resistance are at present common among the intestinal flora of healthy subjects (4, 5, 11) as well as of hospital patients (4, 9, 10, 15) , little is known about the emergence of bacteria possessing transferable R-factors and the development of resistance. Accordingly, we approached various sources in the United Kingdom with a view to obtaining gram-negative bacilli isolated before 1960 which could be tested for ability to transfer antibiotic resistance to other bacteria. We were fortunate in learning that Joan Taylor (former Director of the Salmonella Reference Laboratory, Central Public Health Laboratory, Colindale, London) had established a collection of cultures of enteropathogenic strains of Escherichia coli isolated from 1948 onwards. Dr. Taylor very kindly made cultures available to us, and the results reported here describe the antibiotic susceptibility patterns of enteropathogenic E. coli isolated at three different periods between 1948 Elimination of extrachromosomal antibiotic resistance. Antibiotic-resistant strains of E. coli were cultured on nutrient agar containing ethidium bromide (50 to 500 Mg/ml), and colonies growing on the plates containing the highest concentrations of ethidium bromide which supported normal growth were subcultured in drug-free medium and tested for antibiotic susceptibility (3) . RESULTS Results in Table 1 show the distribution of the MICs of ampicillin, tetracycline, streptomycin, and chloramphenicol against E. coli isolated between 1948 and 1951, 1957 and 1960, and 1967 and 1968 . Data expressed in Fig. 1 show the percentage inhibition of strains inhibited by serial concentrations of the antibiotics. Results in Table 2 show the incidence of transferable resistance among the antibiotic-resistant strains of E. coli, and the antibiotic resistance patterns transferred are described in Table  3 .
Resistance to ampicillin. Ampicillin inhibited 66% of the 112 strains of E. coli isolated between 1948 and 1951 at a concentration of 12.5 ug/ml or less; the remainder (34%) required inhibitory concentrations of from 25 to 500 gg of ampicillin per ml. Of the 200 strains isolated in the period 1957 to 1960, 95% were susceptible to 12.5 Ag of ampicillin per ml, and the remaining 5% of the strains were susceptible to concentra- Resistance to tetracycline. All strains of E. coli isolated between 1948 and 1951 were susceptible to tetracycline (MIC = 5 ,ug/ml or less), but resistance to tetracycline was common among bacteria isolated from 1957 onwards. Thus, 17.5% of the strains isolated between 1957 and 1960, and 22% of those isolated between 1967 and 1968, were not inhibited by 12.5 ,g of tetracycline per ml. The distribution of susceptibility to tetracycline of these two groups of E. coli was very similar (Fig. 1) (Table 2) .
DISCUSSION
An inherent weakness of a retrospective study of this kind is the possibility that the characteristics of the test organisms may have altered during the course of storage in the laboratory. It is possible that some of the strains examined VOL. 4, 1973 on August 14, 2017 by guest http://aac.asm.org/ which now appear to be susceptible to antibiotics may have possessed R-determinants at the time of isolation, or that antibiotic-resistant strains which now fail to transfer resistance may once have possessed transfer factors. In practice, the data obtained suggest that the enteropathogenic strains of E. coli described here may not have altered greatly on storage, and it seems possible that the antibiotic resistance patterns reported may well be a true reflection of those prevailing at the time of isolation of the cultures.
This supposition is based upon the following facts. (i) The strains of E. coli isolated in 1967 and 1968 were examined relatively soon after isolation when it was unlikely that there would have been any significant change in the antibiotic resistance patterns of this group. (ii) The overall incidence of resistance and the frequency of bacteria possessing transmissible Rfactors were similar for strains isolated between 1957 and 1960 and for strains isolated in 1967 and 1968, with the exception of resistance to ampicillin. It seems unlikely, therefore, that there was any great loss of resistance from the former group of bacteria as a result of storage, with the possible exception of ampicillin. (iii) There was a relatively high incidence of resistance to ampicillin, streptomycin, and sulphonamides among E. coli isolated between 1948 and 1951, and so it is less likely that there was any significant loss of resistance on storage. These bacteria were isolated before chloramphenicol and the tetracyclines became freely available in the United Kingdom, and so the lack of resistant organisms is not unexpected. (iv) The data suggest that the antibiotic resistance of E. coli isolated between 1948 and 1951 is not extrachromosomally mediated, and therefore it seems reasonable to assume that failure to demonstrate transferable antibiotic resistance among bacteria from this period is due to the fact that these bacteria never possessed transfer factors, rather than to loss during storage.
Another potential failing of this type of study is that the strains examined may not represent a true sample of the bacterial populations predominant at the time of isolation. This could apply particularly to the enteropathogenic bacteria isolated before 1951, for which precise records are unavailable, but less so to the strains isolated between 1957 and 196.8, since they were isolated from various areas of the United Kingdom and were of numerous different serotypes. Nevertheless, despite these reservations, the results presented'here appear to be meaningful in tracing the development of transferable antibiotic resistance among enteropathogenic E. coli isolated in the United Kingdom between 1948 and 1968.
The relatively high incidence of ampicillinresistant strains of E. coli isolated before 1951 may be associated with the general use of benzylpenicillin during this period, which could have resulted in the selection of ampicillinresistant mutants. nontransferable ,B-lactamase, determinant similar to that produced by strains isolated in the earlier periods, whereas the remainder of the ampicillin-resistant strains possessed a transferable extrachromosomally mediated fB-lactamase.
The pattern of streptomycin resistance of the E. coli examined is in some ways analogous to that of the ampicillin resistance of these strains. Thus, there was a relatively high incidence of streptomycin-resistant strains of E. coli isolated ANTIMICROB. AG. CHEMOTHER.
on August 14, 2017 by guest http://aac.asm.org/ Downloaded from before 1951, which is not entirely unexpected since streptomycin was freely available at this time. It seems probable too that the resistance of these particular strains is chromosomally mediated since, apart from the fact it is nontransferable and is not "cured" by ethidium bromide, the level of resistance of strains isolated before 1951 is very high, a characteristic of streptomycin-resistant mutants, in contrast to the lower levels of resistance found in the R-factor-mediated streptomycin-resistant strains isolated from 1957 onwards. In addition, most of the streptomycin-resistant strains isolated before 1951 were susceptible to sulphonamides, whereas most of the streptomycin-resistant strains isolated from 1957 onwards which transferred streptomycin resistance were also resistant to sulphonamides. It is unlikely, therefore, that the streptomycin-resistant strains isolated before 1951 are R-factor bacteria lacking transfer factors. These facts suggest that transferable streptomycin resistance was not a feature of the streptomycin resistance of E. coli isolated before 1951 but became common relatively soon afterwards, so that by 1957 the proportion of strains carrying streptomycin Rfactors was as high as that observed in strains isolated in 1968.
It is perhaps not unexpected that three of' the 14 sulphonamide-resistant strains isolated between 1948 and 1951 were able to transfer sulphonamide resistance, since this. class of compounds had been widely used for more than 10 years before this, although, in fact, the incidence of sulphonamide resistance of the strains isolated before 1951-was relatively low. It is probable that the three strains isolated in 1967 capable of vtransferring sulphonamide resistance came from the same source, and it is of interest that the sulphonamide resistance of these strains was not linked with transferable streptomycin resistance as was generally the case for strains isolated in later periods. By 1951, sulphonamide resistance had become more common and was often R-factor mediated, associated with streptomycin or multiple resistance. It seems likely, therefore, that there was a marked increase in transferable sulphonamide resistance between 1951 and 1957.
The data relating to' chloramphenicol and tetracycline resistance show that resistance to these two antibiotics, largely R-factor mediated, appeared sometime after 1951, coincident with the increasing usage of these antibiotics. By 1957 most of the chloramphenicol-and tetracycline-resistant strains were capable of transferring antibiotic resistance, and as with streptomycin, the incidence of transferable chloramphenicol and tetracycline resistance apparently remained unchanged between 1957 and 1968.
Although it is known that R-factors were present in bacteria prior to 1959 (7, 14, 16) , when the phenomenon of transferable antibiotic resistance was first reported, data on the frequency of such strains are lacking. Our results with a relatively large number of homogenous bacteria isolated between 1948 and 1968 show that R-factor-mediated sulphonamide resistance was present in E. coli as long ago as 1951, and that transferable antibiotic resistance became established among enteropathogenic strains of E. coli in the United Kingdom at some time between 1951 and 1957. It was unexpected, however, that the incidence of R-factormediated resistance was about as high among antibiotic-resistant strains isolated between 1957 and 1960 as in strains collected in 1967 and 1968. Moreover, although strains capable of transferring antibiotic resistance to susceptible bacteria were widespread between 1957 and 1968, there was apparently no marked increase in the overall incidence of resistance of these strains of E. coli to the four antibiotics tested, or to sulphonamides, during this period. These results show that the phenomenon of transferable antibiotic resistance has been common among E. coli for a longer period of time than has hitherto been supposed and do not support the view that the emergence of transferable antibiotic resistance among enteric bacteria will inevitably lead to a rapid or general increase in the antibiotic resistance of this group of bacteria.
